Introduction
The natural pectins are believed to consist of long, open, unbranched chains of galacturonic acid with an occasional arabinose and galactose molecule. The free carboxyl groups of the galacturonic acid are partially or wholly esterified with methyl alcohol, and an occasional hydroxyl group is esterified with acetic acid [BONNER (4) , BRANFOOT (5), FREUDENBERG (7), GADDUM (8) , KERTESZ (13) , MYERS and BAKER (16) , NORMAN (18, 19) , RIPA (22) ]. The differences found among the natural pectins are believed to arise from differences in the extent of esterification, and in the extent of polymerization. The view that pectinis originate phytochemically by the progressive oxidation of the sixth carbon atoms of the galactose residues occurring in galactans, followed by decarboxylation has been recently questioned by the finding of HIRST and JONES (10) that the araban found in close association with the pectic acid of the peanut is composed entirely of the arabofuranose residues instead of the expected arabopyranose residues.
On the assumption that the pectin molecule consists of galacturonic acid, galactose, arabinose, acetyl, and methoxyl units the pectic enzymes should number at least seven specific enzymes acting uponi the possible linkages between these units. In addition we would expect the presence of enzymes of initial attack differentiated by their abilitv to attack pectins of different degrees of polymerization. Accepting "protopectinase " as such an enzyme, there are at present known but four specific enzymes (13) of which pectin methoxylase has been most widely stuLdied.
The complexity of the pectins, the diversity of the enzymes acting upon them and the difficulty of obtaining either puLre pectic enzymes or substrates of definite constitution and configuration have complicated this field. It has been only recently that systematic studies on fairly well defined substrates were begun by EHRLICH (6) and independently by KERTESZ (13) . The separation of the various componients of the pectinase complex, their purification anid investigation is yet to be undertaken. ROTHSCHILD (23) pointed out in this connection the possibility of separating "pectolase" from "pectase" by making use of the different rates at which these are destroyed in acid and alkaline soluLtions.
Although some investigations were made by GADDUM (6) on the effect of maturity and fruit type on the chemical composition and physical properties of the pectins extracted from the albedo and pulp of citrus fruits, by HARVEY and RYGG (9) and by RYGG and HARVEY (24) on changes occurring in the pectic constituents of the peel of citrus fruit, no investigations on the nature and relative activity of citrus pectic enzymes have been reported. The citrus pectins are known to differ from each other and from those of other fruits in chemical composition and degree of polymerization. SVEDBERG and GRALEN (27) reported that the pectins from apples, pears and plums have approximately the same molecular weight while that from oranges was of definitely higher molecular weight (40,000-50,000). NORRIS (20) found that the pectic substances in oranges were less methoxylated than those found in lemons by NORMAN (17) . Differences between commercial apple and citrus pectins were reported by STUEWER et al. (26) . It has been shown, particularly by HIRST and co-workers at Birmingham (2, 11, 12) , that the araban content of pectins may be reduced to negligible amounts by special methods of preparation so that arabinose need no longer be colnsidered as an essential constituent of pectin. The precise nature of the galactan portion is not known (cf. NORRIS (21)) although strong evidence has been adduced to show that the fundamental feature of the chemical structure of both the pectic acid from strawberries and from citrus fruits consists of a chain of pyranose d-galacturonic acid residues linked together through positions 1 to 4, BEAVEN and JONES (3), SMITH (25) . LEVENE et al. (15) believe the linkage is through the fifth carbon atom. This change in constitutioln of pectin reduces the number of enzymes in the pectinase complex. There is particular need at present for purification of the components of the pectinase complex as an aid to the study of the physiology and chemistry of pectins.
To obtain some information on the activity of the pectic enzymes present in citrus fruits, an investigation was made of the rate of decomposition of pectin in macerated tissues under various conditions. In preliminary investigations it was found that pectin destruction in oranges occurred at a very different rate from that in apple or cucumber tissues ( fig. 1) the total pectin remained essentially constant for four days, then rapidly decreased to about two-thirds of its original value and remained at that level. In oraniges the total pectin rapidly decreased to about one-third of its original value in 24 hours and then remiiained essentially constanit, while the pectin content of eucumbers decreased rapidly and continually, reaching a verv low level in about 6 days. The constant level in oranges and apples may be ascribed either to the presenee of residual pectin unattacked by the enzymes present, or to the decay of the enzymes.
Materials and methods
The data shown in the graphs of figure 1 were obtainied with Newton Pippin apples removed from cold storage in July 1937, fresh Valencia oranges and cucumbers. The macerates had the following initial pH values: 3.8, 4.5. and 5.8, respectively and a final pH of 3.5, 4.1, and 4,3, respectively.
The rates of destruction of pectin in orange, grapefruit, and lemon macerates were determined at their niatural pH and in macerates adjusted to pH 2.5, 3.5, and 4.5, respectively and these data are presented here.
PREPARATION OF SAMPLES
Valencia orallges, Marsh grapefruit, and Eureka lemons purchased early il the fall on the market, were peeled, the peel and pulp group ground separately, mixed together and 0.3 per cent. of sodium benzoate added as preservative. The time required for the preparation of the ground fruit was approxiinately two hours. The pH was then determined and, four hours after this deteriminiation, the entire amount of each fruit was divided into three lots; onie of these was left at its original pH (3.5 for grapefruit and oranges and 2.5 for lemons) and the other two lots adjusted to give the range of 2.5, 3.5, and 4.5. Concentrated citric acid was added to obtain a lower pH and sodium hydroxide to obtain a higher pH. Immediately, and at definite intervals thereafter 50-gram samples were withdrawn after thorough nlixing and boiled with 400 ml. of water for one hour to inactivate the enzymes and extract the pectin present, water beincr added periodically to maintain a constant volume. Extracts were then inade up to 500 ml. and filtered. The appearance of the extracts shown in figure 2 illustrates the imiarked changes in pectin content (cloudy samples containing most In the course of these experiments, the vacuum oven at 700 C. and the hot air oven at 1000 C. were compared in the drying of pectic acid precipitate in some determinations, using extracts from oranges. The period of drying in the vacuum oven was approximately 24 It is evident that there is but a slight difference between the two methods of drying. The difference can be neglected, particularly in studies which corresponding graph (fig. 3) . The data for material was all pectin or that the gums were decomposed at the same rate as pectin throughout. In the case of grapefruit the evidence indicates a more rapid decomposition of gums than of pectins in the initial stages followed by a less rapid decomposition. It is seen that the total amount of soluble pectic substances decomposed varied greatly in the three citrus fruits. While in oranges almost all of this substance was decomposed, in grapefruit only about half of it had undergone such decomposition, and in lemons the amount decomposed was only onethird of the total. The reasons for this difference in behavior of the three fruits can only be surmised. Either there are definite differences in the nature and activity of the pectic enzymes present or there are differences in the pectins present. Although, as will be shown, the difference in pH had a measureable effect, it did not account for all the differences observed.
In figures 5 and 6 are shown the comparative rates of decomposition of pectic substances in the three fruits at pH values 2.5 and 4.5 respectively. In addition to the observation that in all cases the rate of decomposition was greater in oranges than in grapefruit or lemons, a comparison of the two graphs shows a greater decomposition of the pectic substances in all the fruits at the higher pH value.
With oranges, figure 7 indicates that the pectic substances were more rapidly decomposed at pH 3.5 than at either pH 2.5 or 4.5. The effect of the change of pH is more noticeable during the first three days; after this, the rates of decomposition approach constancy, a phenomenon represented by the parallelism of the curves.
With grapefruit ( fig. 8 ), although the rate of decomposition was colmiparatively slow, it is seen that a pH of 4.5 was favorable for the decomposition. There is a marked difference in the rate of decomposition at pH 2.5 and 4.5, although the difference was smaller in the comparison between the rate of decomposition at pH 3.5 and 4.5.
The same results were obtained with lemons with the exception that the rate of hydrolysis of pectic substanee in lemiions was faster than in grapefruit ( fig. 9 ).
It is of interest to note that the effect on the decomposition of increasing the pH of each fruit from 2.5 to 4.5 is reflected in the degree of clarification in the extracts. On successive filtrates from each fruit at the upper pH range, the same progressive clarification was observed. This clarification is more apparent at the hig,her pH than at the normal or at the lower. In all eases, extracts obtained froin fruit maintained at the lower pH value showed greater turbidity.
A study of pectin methoxylase activity in citrus fruits (to be presented elsewhere) indicated that this behaved similarly to that found in tomatoes by KERTESZ (14) , i.e., that its optimum pH was close to neutrality. In extracts from oranges or in pectin solutions to which these extracts were added, there occurred a very rapid decrease in viscosity but only a gradual increase in acidity owin1g to demiiethoxvlation. This may indicate that a depolymerization of the pectin molecule precedes demethoxylation.2
Summary and conclusions
The rate of decomposition of natural pectins by the naturally occurring pectic enzymes was studied in various fruits. In apples the total pectin remained essentially constant for a period of about four days and then rapidly decreased to about two-thirds of its original value and remained at that level. In oranges the total pectin rapidly decreased to about onethird of its original value in the course of about 24 hours and then remained essenitially constant. In cucumbers the decrease in pectin was fairly rapid and continuous.
A comparison of the rate of hydrolysis in oranges, grapefruit, and lemons ilndicated that:
1. The natural pectinis hydrolyze miiore rapidly in orange than in grapefruit. In lemons the decomposition was slowest of the three. 2. In all cases, the rate of hydrolysis approached the maximum at the end of one day, decreased rapidly durino the next two days and then gradually diminished. 3. The decomposition of pectin in the fruits was accompanied by the clarification of their extracts.
The effect of varying the pH of the extracts from oranges, grapefruit, alnd lemonls was shown to be as follows:
1. The decomposition of pectic substaniee was found to be faster at pH
